Introduction 1
Little is known about the association between cardiovascular stress reactivity and 2 cognitive function. In a study of infants, greater suppression of a heart period based index of 3 vagal tone during the cognitive challenge afforded by the Bayley Scale of Infant 4 Development was associated with more mature cognitive skills and more coordinated motor 5 behaviour (DeGangi et al., 1991) . A broadly similar outcome emerged from a more recent 6 study of cardiovascular reactions to a task in which young adults were required to identify a by 33 items measuring numerical reasoning ability and 32 items measuring verbal reasoning 23 ability.
Post-print, not final published version. Cite this article as: Ginty, A.T., Phillips, A.C., Der, G., . Heart rate reactivity is associated with future cognitive ability and cognitive change in a large community sample. International Journal of Psychophysiology, 82, 167-174. http://dx.doi.org/10.1016 Psychophysiology, 82, 167-174. http://dx.doi.org/10. /j.ijpsycho.2011 The test has been used in other population studies of individuals in the same age range 1 (Singh-Manoux et al., 2005; Rabbitt et al., 2001) . At the fourth and fifth follow-ups, 2 participants undertook a CRT task using a portable device originally designed for the UK 3 Health and Lifestyle Survey (Cox et al., 1987) . The device consisted of five keys arranged in 4 a shallow arc; the keys were numbered 1, 2, 0, 3, 4. Participants were asked to rest the 2 nd 5 and 3 rd finger of each hand on the keys labelled 1,2,3,4 and press the corresponding key when 6 one of the four digits appeared above. Participants were given eight practice trials and 40 test 7 trials; the digits 1-4 appeared 10 times during the 40 trials in a random order. The amount of 8 practice given to participants is similar to most studies that relate reaction times to 9 intelligence differences (Deary, 2000) . CRT was measured in milliseconds.
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Finally, regression models were tested that examined the change in cognitive ability over 2 time. In these, AH-4 score and CRT at the fifth follow-up were the dependent variables, 3 cardiovascular reactivity was the independent variable, and we adjusted for earlier AH-4 4 score and CRT at the fourth follow-up in each case. Again, we also tested models that 5 additionally adjusted for all the other covariates. Post-print, not final published version. Cite this article as: Ginty, A.T., Phillips, A.C., Der, G., . Heart rate reactivity is associated with future cognitive ability and cognitive change in a large community sample. 
20
The statistics reported above relate to significant group by baseline/task condition 21 interactions. However, for the sake of illustration we report baseline and reactivity in Table   22 2.
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[Insert Table 2 about here] Post-print, not final published version. Cite this article as: Ginty, A.T., Phillips, A.C., Der, G., . Heart rate reactivity is associated with future cognitive ability and cognitive change in a large community sample. HRreactivity had longer CRTs five years later. In the model that adjusted for age cohort, sex, household occupational group, disability status, HADS depression, BMI, and baseline 23 cardiovascular levels, HR reactivity was still negatively associated with CRT, β = -.056, p = Post-print, not final published version. Cite this article as: Ginty, A.T., Phillips, A.C., Der, G., . Heart rate reactivity is associated with future cognitive ability and cognitive change in a large community sample. In the unadjusted model, HR reactivity was associated with AH-4 performance scores 8 at the fifth follow-up, β = .21, p < 001, ΔR 2 = .046; lower HR reactivity was again associated Post-print, not final published version. Cite this article as: Ginty, A.T., Phillips, A.C., Der, G., . Heart rate reactivity is associated with future cognitive ability and cognitive change in a large community sample. In order to examine the association between reactivity and individual differences in 7 change in cognitive ability over time, models were tested with AH-4 score or CRT at the fifth 8 follow-up as the dependent variables and cardiovascular reactivity as the independent 9 variable, with the earlier, fourth follow-up, AH-4 score or CRT, respectively, entered as a 10 covariate. HR reactivity was associated with change in AH-4 score from the fourth to the 11 fifth follow-ups, β = .110, p < .001, ΔR 2 = .012. There were no associations for either SBP (p Post-print, not final published version. Cite this article as: Ginty, A.T., Phillips, A.C., Der, G., . Heart rate reactivity is associated with future cognitive ability and cognitive change in a large community sample. CRT over time. The summary data are presented in Figure 3a and 3b. Finally, in a 2 supplementary analyses using ANCOVA, we analysed the effect of the interaction between 3 tertiles of HR reactivity and age cohort on change in cognitive ability between the two 4 follow-ups: these analyses were fully adjusted. For CRT, but not AH-4 scores, there was a 5 significant reactivity x cohort interaction, F (4, 1000) = 2.44, p = .04, η 2 = .010. This is 6 illustrated in Figure 4 which plots the change in CRT for tertiles of HR reactivity separately 7 for the three age cohorts. As can be seen, the effect of tertiles of reactivity on CRT change is 8 concentrated in the older cohort. and CRT at both follow-ups; blunted HR reactivity was associated with poorer future 21 cognitive ability. HR reactivity was positively associated with both the numerical and verbal
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reasoning components of the AH-4. These associations between HR reactivity and cognitive 23 ability remained statistically significant in regression models that adjusted for age cohort, sex, Post-print, not final published version. Cite this article as: Ginty, A.T., Phillips, A.C., Der, G., . Heart rate reactivity is associated with future cognitive ability and cognitive change in a large community sample. has been argued that cognitive aging is mainly accounted for by a decline in inspection time 16 and CRT (Nettelbeck & Rabbitt, 1992 ) . In the present study, the mean AH-4 scores were 17 virtually identical at the two follow-ups, whereas CRT lengthened by 2% between the fourth 18 and fifth follow-ups. Thus, we would expect that if HR reactivity is a marker of cognitive 19 aging, associations would be stronger with CRT as the outcome. Our supplementary analyses 20 were supportive. High HR reactors showed less of a lengthening in CRT over seven years 21 than the rest of the sample; the analogous effect for AH-4 scores was not statistically 22 significant. Finally, the effects of tertiles of reactivity on change in CRT was concentrated in Post-print, not final published version. Cite this article as: Ginty, A.T., Phillips, A.C., Der, G., Deary, I.J., . Heart rate reactivity is associated with future cognitive ability and cognitive change in a large community sample. it is worth noting that cardiovascular reactivity has been found to be reasonably stable over in prospective studies is fraught with pitfalls even when a substantial number of variables Post-print, not final published version. Cite this article as: Ginty, A.T., Phillips, A.C., Der, G., . Heart rate reactivity is associated with future cognitive ability and cognitive change in a large community sample. ventromedial prefrontal cortex, which appears to shape the motivation of our behaviour.
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Our results are certainly consistent with the contention that relatively low 6 cardiovascular reactions to acute stress may be a peripheral marker of central motivational , 1994) . It is important to concede that it was only cardiac reactivity that was consistently Post-print, not final published version. Cite this article as: Ginty, A.T., Phillips, A.C., Der, G., . Heart rate reactivity is associated with future cognitive ability and cognitive change in a large community sample. less of a reduction in vagal tone during the stress task. Regrettably, in the present study we 5 cannot determine which of these was the predominant mechanism for low cardiac reactivity.
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However, β-adrenergic blockade has been observed to attenuate cardiac reactivity, but not 7 blood pressure reactivity (Winzer et al., 1999) . Thus, reduced β-adrenergic drive would 8 certainly accord with the present pattern of associations. Fourth, the absence of measures of 9 subjective stress and task engagement constitute another limitation, as it means we cannot 10 fully rule out, as an explanation of the current results, the possibility that those with lower 11 cognitive ability tended to disengage from what it is a cognitively challenging stress task.
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